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Introduction 
The physical, metabolic and cardiovascular demands of 
occupations in industrialized countries have substantially 
declined during the past century. Many jobs that once 
required substantial physical effort are now performed by 
machines, robots or computers. This decrease in job-related 
energy demand is especially apparent in occupations per- 
formed by people over age 40, who, given some seniority, 
rarely perform physical tasks exceeding a peak energy 
expenditure of 5 kcaVmin or 3.5 METS, where 1 MET = 
energy expenditure sitting at rest (I). Nonetheless, the 
physical stress of employment is still the greatest challenge 
to the cardiovascular system of many patients with ischemic 
heart disease. 
For many sedentary jobs posing limited psychological or 
environmental demands, the adequacy of the patient’s phys- 
ical working capacity can be assessed by a medical history, 
physical examination and symptom-limited exercise testing. 
However, as the physical demands of the job tasks increase 
to include exercise of widely varying intensities and types, 
or substantial psychological or environmental stress, assess- 
ment of physical working capacity becomes more complex. 
In patients with ischemic heart disease, the focus of 
occupational work evaluation is to determine whether or not 
the increase in cardiac demands produced by physical, 
psychological and environmental stressors will exceed the 
threshold for a “safe working capacity.” The challenge to 
the physician is to obtain an accurate, valid and reliable 
determination of this capacity. 
Factors Influencing Metabolic and 
Cardiovascular Demands During Work 
Physical exertion increases metabolic and cardiac de- 
mands roughly in proportion to the absolute intensity of the 
exertion. The magnitude of effort required for a particular 
task by an individual is related to the individual’s physical 
working capacity. Therefore, the metabolic and cardiac 
demands on an individual are related to characteristics of the 
task. such as the work intensity, type of work, size of muscle 
mass involved. work-rest cycle and environmental condi- 
tions as well as characteristics of the patient including 
cardiovascular function, skeletal muscle training and psy- 
chological factors (2). 
1. Types of Exercise Encountered in 
Occupational Tasks 
Occupational tasks require different types of exertion, 
performed singly and in combination, and vary in the num- 
ber and mass of muscle groups involved. The major types of 
exercise usually performed are dynumic (isotonic) and static 
(isometric), or a combination of both dynamic and static 
exertion. 
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A. Dynamic exercise. This type of exercise is character- 
ized by the shortening of the muscle during contraction and 
the movement of limbs or the entire body such as occurs 
with walking, cycling or climbing stairs. The cardiovascular 
response to dynamic exercise is characterized by a linear 
increase in oxygen uptake, heart rate and cardiac output 
proportional to the increase in exercise intensity (3). Al- 
though the increase in heart rate with increasing oxygen 
uptake is linear, the slope of this relation varies with the 
aerobic capacity of the individual (4). Systolic blood pres- 
sure and the product of heart rate and systolic blood pres- 
sure (rate-pressure product) also increase in proportion to 
the exercise intensity. Diastolic blood pressure usually is 
maintained or decreases slightly, especially in younger or 
well conditioned persons. Because percent maximal heart 
rate bears a constant relation to percent maximal VO,, the 
heart rate response to exercise is a good clinical measure of 
the relative metabolic demands of most forms of dynamic 
exercise. 
Patients with ischemic heart disease generally show a 
similar relation between relative exercise intensity and heart 
rate. However, in patients whose physical capacity is limited 
by ischemia or prior myocardial infarction, the estimation of 
maximal oxygen uptake during exercise is less reliable (5). 
B. Static exercise. This type of exercise results in greater 
in heart rate, systolic and diastolic blood pressure and rate- 
pressure product, especially during submaximal exercise, in 
both healthy men and patients with ischemic heart disease. 
Oxygen uptake increases in proportion to the added carriage 
weight (10). In patients whose exercise capacity is r6 METS, 
carrying weights while walking on the treadmill is well toler- 
ated. Moreover, the prevalence of ischemic ST depression 
and angina1 symptoms is somewhat less during this combined 
exercise compared with that of treadmill exercise alone (11). 
D. Arm-shoulder exercise. Upper limb exercise involves 
a smaller muscle mass than lower limb exercise. The peak 
maximal oxygen uptake (90, max) for dynamic upper limb 
work (arm cranking) usually is 60% to 80% of that attained 
during treadmill or cycle exercise (12,13). Heart rate in- 
creases linearly in proportion to percent VO, max and the 
peak value is usually somewhat less than that achieved 
during treadmill or cycle exercise (14). Systolic and diastolic 
blood pressure are usually higher during arm than during leg 
exercise, probably because of an increased contribution of 
static exercise or vasoconstriction, or both, occurring in the 
larger non-exercising muscle mass of the leg (15). The heart 
rate or rate-pressure product at which ischemia occurs tends 
to be similar or slightly higher during dynamic arm exercise 
than during dynamic leg exercise (16). 
tension but no major shortening of the muscle nor movement 
of the limb. It is characterized by a rapid and continuous rise 2. Work Duration and Rest Cycle 
in both systolic and, to a lesser, extent in diastolic blood 
pressure and only a moderate rise in oxygen uptake and 
heart rate. Examples of static exercise encountered in occu- 
pational tasks include supporting an object against gravity 
(e.g., holding a suitcase), lifting and holding heavy objects or 
maintaining a sustained handgrip with various tools. The 
magnitude of the increase in blood pressure is proportional 
to the percent of the maximal tension or voluntary contrac- 
tion maintained and the size of the muscle mass involved in 
the contraction (6). Total oxygen uptake during short-term 
static exercise is relatively small (2 to 4 METS) compared 
with dynamic exercise producing a similar degree of fatigue. 
Patients with stable ischemic heart disease without left 
ventricular dysfunction usually show increases in blood 
pressure and heart rate in response to static exercise, which 
are similar to those of healthy persons (7). Submaximal static 
exercise is generally well tolerated by patients with reason- 
ably good left ventricular function (dynamic exercise capac- 
ity >7 METS). Recent studies have shown no impairment of 
left ventricular ejection fraction during submaximal (30%) 
handgrip or a standing deadlift maintained for 3 min (8). 
However, patients with poor left ventricular function re- 
spond poorly to sustained static exercise, demonstrating a 
rapid decline in ejection fraction and increased myocardial 
ischemia (9). 
C. Combined dynamic and static exercise. Combined dy- 
namic and static exercise can produce an additional increase 
Higher intensity job tasks can be performed more effec- 
tively when work is interrupted by rest periods (17). Cardio- 
vascular demands decrease significantly as work and rest 
cycles shorten. This approach may be used to increase the 
working capacity of patients with ischemic heart disease. 
For example, heart rate during combined dynamic and static 
exercise at 80% of 90, max was 126, 161 and 172 beatslmin, 
respectively, during work cycles of 30 s, 3 min and 6 min 
followed by rest cycles of similar duration (18). 
3. Environmental Conditions 
The energy requirements and myocardial oxygen de- 
mands of various work tasks are significantly influenced by 
hot and cold air temperatures. Conditions of heat or humid- 
ity or both, which require active thermal regulation, increase 
the metabolic requirements for and cardiovascular responses 
to physical work (19). In addition, increased body fluid 
losses through sweating must be replaced to prevent dehy- 
dration. Exercise in cold temperatures results in a higher 
metabolic rate due to the weight of additional clothing and 
the decreased efficiency of body movement. The vasocon- 
striction produced by cold air may increase the myocardial 
work and decrease the exercise tolerance of patients whose 
capacity is limited by angina pectoris (20). High levels of air 
pollution reduce the exercise tolerance of healthy people as 
well as those limited by ischemia (21). Exercise capacity is 
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decreased at altitudes exceeding 2,000 m (6.500 feet) and Table 1. Occupational Work Classification by 
decreases further at higher altitudes. Energy Requirement 
Peak Load 
4. Psychologic~al Fctctors 
In highly industrialized countries, psychological stress 
has often replaced physical stress at the most commonly 
perceived cardiovascular demand of occupational work. 
Standard psychological testing procedures have been used to 
induce psychological stress in the laboratory in patients with 
ischemic heart disease. Metabolic and cardiovascular de- 
mands of psychological stress testing are substantially lower 
than those produced by dynamic or static exercise (22). 
Some patients manifest myocardial ischemia with psycho- 
logical stress at significantly lower heart rates and blood 
pressures than those precipitating ischemia on exercise 
testing. In this minority of patients, changes in coronary 
tone, catecholamine concentrations or platelet aggregation. 
or both are believed to underlie ischemia (23). 
Quantitation of the Metabolic and 
Cardiovascular Demands of 
Occupational Tasks 
The rnergy required for the performance of occupational 
tasks has been assessed primarily by measurement of the 
oxygen requirement during work performance and immedi- 
ate recovery (24). Continuous delivery of oxygen by the 
circulation is required for the generation of adenosine 
triphosphate (ATP). which supplies energy for prolonged 
muscular contraction. One liter of oxygen corresponds to 
about 5 kcal of useful energy. When oxygen transport is 
adequate. muscular contractions are maintained by aerobic 
metabolism of carbohydrates, fatty acids, pyruvate, lactate 
and other substrates to form ATP. carbon dioxide and water, 
with little or no formation of lactic acid. At the initiation of 
an activity and when the oxygen delivery becomes insuffi- 
cient to meet the total demands of muscular contraction 
(usually at about 66% of peak aerobic capacity). anaerobic 
processes are activated and some of the ATP is produced by 
metabolism of muscle glycogen and blood glucose. This 
results in the formation of lactic acid in the skeletal muscle, 
at a concentration that is dependent on the intensity and 
duration of the activity. The intensity of exercise at which 
anaerobic metabolism begins to increase sharply is called the 
anaerobic threshold. Allowed to exercise at their own pre- 
ferred rate, individuals performing occupational tasks work 
at an intensity of about 40% of their \iO, max (25). which is 
below their anaerobic threshold. 
The energy requirements of a large variety of occupa- 
tional tasks were reported in a series of industrial studies 
performed in the 1940-1960 era (26,27). These studies con- 
tinue to serve as the basis for the estimation of the energy 
expenditure for most job tasks. Very few studies of this type 
ClaGfication 
Very heavy 
and hea\> 
Medium 
Light 
Sedentary 
kcal!min MET\ 
:,7..( >h 
5.0 to 7.5 -1 to 6 
1.6 to 4.9 ! to 1 
c.2.5 Cl 
Example 
Carrymg heavy objects. 
climbing many stairs 
rapidly 
Carr~mg moderate 
weight objects. i.e.. 50 
lb (I IO kg) 
Carrying light weight 
objects. i.e.. XI lb (44 
kg) 
Sitting. slow walking, 
lifrlng light objects. 
i.e.. IO lb (22 kg) 
have been conducted in the past several decades. The most 
frequently used classification of job tasks according to 
estimated energy requirements expressed as METS is pro- 
vided in Table I. 
Energy requirements for a wide range of occupational 
categories are summarized in Table 2. This table does not 
contain all categories of modern jobs, and automation and 
mechanization have diminished the physical effort involved 
in many of the jobs listed. Moreover, these values were 
determined for healthy individuals. Unfortunately, there are 
no comprehensive studies that verify the accuracy of pub- 
lished occupational energy requirements for patients with 
ischemic heart disease. The capacity of an individual to 
perform a given task is determined by the relative intensity 
(% VO, max) and the duration of the activity. Healthy men 
and women are able to perform 6 to 8 h of continuous work 
at intensities ~40% of VO, max. Work tolerance declines 
substantially at higher relative work intensities. At 40% to 
60% of iiOl max, tolerance for continuous work duration is 
decreased to 4 h. Work intensities exceeding 60% \jO, max 
are difficult to sustain for >2 h (28). 
A. Objectives of the Occupational 
Work Evaluation 
There are three major objectives of the occupational work 
evaluation. These are: 
1. To determine symptom-limited exercise capacity in a 
standard environment. After a cardiovascular clinical exam- 
ination. including a rest I2 lead electrocardiogram (ECG), a 
progressive, multistage, symptom-limited exercise test should 
be used to ascertain the threshold of work load, heart rate and 
systolic pressure at which significant abnormalities appear. 
These abnormalities include cardiac symptoms, ECG re- 
sponses, blood pressure abnormalities and physical signs. 
The Borg scale provides a reproducible measure of the 
intensity of exercise perceived by the patient (29). These 
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Table 2. Energy Requirements of Occupations 
Activity METS Activity METS 
Bakery, general 
Bookbinding 
Building road (including hauling debris) 
Carpentry, general 
Carrying heavy loads, such as bricks 
Carrying moderate loads upstairs (16 to 40 Ibs. [3S to 88 kg]) 
Chambermaid 
Coal mining, drilling coal, rock 
Coal mining, erecting supports 
Coal mining, general 
Coal mining, shoveling coal 
Construction, outside, remodeling 
Electrical work, plumbing 
Farming, baling hay, cleaning barn, poultry work 
Farming, chasing cattle, nonstrenuous 
Farming driving harvester 
Farming, driving tractor 
Farming, feeding animals 
Farming, feeding cattle 
Farming, forking straw bales 
Farming, milking by hand 
Farming, milking by machine 
Farming, shoveling grain 
Fire fighter 
Forestry, ax chopping, fast 
Forestry, ax chopping, slow 
Forestry, barking trees 
Forestry, carrying logs 
Forestry, felling trees 
Forestry, general 
Forestry, hoeing 
Forestry, planting by hand 
Forestry, sawing by hand 
Forestry, sawing, power 
Forestry, trimming trees 
Forestry, weeding 
Furriery 
Horse grooming 
Horse racing, galloping 
Horse racing, trotting 
Horse racing, walking 
Locksmith 
Machine tooling, machining, working sheet metal 
Machine tooling, operating lathe 
Machine tooling, operating punch press 
Machine tooling, tapping and drilling 
Machine tooling, welding 
Masonry, concrete 
Moving, pushing heavy objects, 275 Ibs. (165 kg) (desks, 
moving van work) 
2.25 
2.25 
6.0 
3.5 
8.0 
8.0 
2.5 
6.5 
6.5 
6.0 
7.0 
5.5 
3.5 
8.0 
3.5 
2.5 
2.5 
4.0 
4.5 
8.0 
3.0 
1.5 
5.5 
4.5 
17.0 
5.0 
7.0 
11.0 
8.0 
8.0 
5.0 
6.0 
7.0 
4.5 
9.0 
4.0 
4.5 
6.0 
8.0 
6.5 
2.6 
3.5 
2.5 
3.0 
5.0 
4.0 
3.0 
7.0 
7.0 
Operating heavy duty equipment 
Orange grove work 
Printing (standing) 
Shoe repair, general 
Shoveling, digging ditches 
Shoveling, heavy (>16 Ibs./min) 
Shoveling, light (<IO Ibsimin [22 kgimin]) 
Shoveling, moderate (10 to 15 Ibsimin [22 to 33 kgimin]) 
Sitting: light (desk work, phone, handtools, 
It. assembly/repair, driving car/truck) 
Sitting: moderate (heavy levers, riding mower/forklift, 
crane operation) 
2.5 
4.5 
2.25 
2.5 
8.5 
9.0 
6.0 
7.0 
1.5 
2.5 
Standing: light (bartending, store clerk, standing/talking, 
assembling, filing) 
2.5 
Standing: light/moderate (assemble/repair heavy parts, 
welding, stocking, etc.) 
Standing: moderate (assembling at fast rate, lifting 50 Ibs. 
(1 IO kg). hitch/twisting ropes) 
Standing: moderate/heavy (lifting > 50 lb (110 kg), 
masonry, painting, paper hanging) 
Steel mill, fettling 
Steel mill, forging 
3.0 
3.5 
4.0 
Steel mill, hand rolling 
Steel mill, merchant mill rolling 
Steel mill, removing slag 
Steel mill, tending furnace 
Steel mill, tipping molds 
Steel mill, working in general 
Tailoring, cutting 
Tailoring, general 
Tailoring, hand sewing 
Tailoring, machine sewing 
Tailoring, pressing 
Typing, electric, manual or computer 
Using heavy power tools such as pneumatic tools 
(jackhammers, drills, etc.) 
Using heavy tools (not power) such as shovel, pick, tunnel 
bar, spade 
5.0 
5.5 
8.0 
8.0 
11.0 
7.5 
5.5 
8.0 
2.5 
2.5 
2.0 
2.5 
4.0 
1.5 
6.0 
8.0 
Walking, 3.0 mph, moderate, not carrying light objects 
Walking, 3.5 mph, brisk, or standing, carrying objects 
< 25 Ibs. (55 kg) 
3.5 
4.5 
Walking or standing, carrying objects about 25 to 49 Ibs. 
(55 to 108 kg) 
5.0 
Walking or standing, carrying objects about 50 to 74 Ibs. 
(110 to 163 kg) 
6.5 
Walking or standing, carrying objects about 75 to 99 Ibs. 7.5 
(165 to 218 kg) 
Walking or standing objects about 2100 Ibs. (220 kg) 
Watch repairing 
Working in scene shop 
8.5 
1.5 
3.0 
Adapted from reference 26 and 27. Data are from many sources and are best estimates of the average energy requirement expressed as METS (multiples of 
energy expenditure while sitting at rest). Peak energy expenditure for some of these occupations will be substantially higher. 
observations should be obtained in a standard environment 2. To determine reasons for limited work tolerance. 
with a normal ambient temperature and relative humidity and Significant left ventricular dysfunction, myocardial isch- 
freedom from air pollution, unusual noise or other stressful emia, arrhythmia, or conduction defects can usually be 
stimuli. assessed by heart rate, blood pressure, ECG responses and 
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peak work load. Other symptoms or signs indicative of 
impairment of respiratory, neuromuscular-skeletal, periph- 
eral vascular or metabolic disorders should be noted as well, 
including the changes in physical findings during and after 
exercise (murmurs, gallops, peripheral pulse, etc.). Echocar- 
diography or radionuclide studies can be used to assess 
pathophysiologic responses when standard exercise test 
results are equivocal or suboptimal. 
3. To determine cardiovascular responses to specific work 
tasks. A more extensive job-specific evaluation may be 
necessary for occupations posing unusually taxing physical, 
psychological or environmental stress especially those pos- 
ing a risk to the public. Such an evaluation may involve 
laboratory work simulation with ECG and blood pressure 
monitoring or direct measurement of cardiovascular re- 
sponse on the job, including ambulatory ECG or blood 
pressure) monitoring, or both. 
B . Occupations Requiring 
Special Considerations 
Some occupations require special consideration because 
sudden cardiac incapacitation of the patient could jeopardize 
the safety of the general public or co-workers. Public safety 
officers, firefighters, commercial airline pilots, air traffic 
controllers and drivers of commercial vehicles are of special 
concern. 
1. Police officers and firefighters. Police work and fire- 
fighting pose special problems in assessing physical require- 
ments for the job. Activities are sedentary or light during 
more than 95% of duty time on these jobs. However, both 
occupations may at any time entail extreme physical, emo- 
tional and environmental challenges (30). For a police of- 
ficer, heavy physical exertion requirements may include 
subduing and handcuffing a suspect who is resisting arrest or 
removing an accident victim from a burning vehicle. In 
addition, there is the emotional stress accompanying the 
danger and uncertainty of high speed automobile chases and 
the physiological stress of shift work. 
Firefighters must wear up to 50 lbs (110 kg) of firefighting 
gear and carry additional weights that may approach 70 lbs. 
(154 kg). They may have to ascend stairs or ladders quickly 
in entering a burning building and carry or drag out a victim. 
These tasks sometimes are performed in a hot environment 
filled with noxious fumes. 
Because strenuous physical activity in both occupations 
is infrequent, job-related activity is incapable of keeping these 
workers in good physical condition. Few police and fire 
departments require exercise conditioning programs, periodic 
medical evaluations or physical fitness testing; nor do they 
enforce body weight standards after hiring and the initial 
training period. Individuals in these occupations commonly 
exhibit a low physical working capacity and many are over- 
weight and smoke cigarettes. These considerations must be 
kept in mind in judging if or when a patient with ischemic 
heart disease should return to work in one of these occupa- 
tions. 
2. Commercial airline pilots. Whereas the physical de- 
mands of piloting commercial aircraft are low, at times the 
psychological stress can be very high, imposing significant 
cardiac demands (31). Taking off and landing when the 
airways are crowded or during inclement weather, can 
substantially increase heart rate and systolic pressure. There 
is no established procedure for simulating this type of stress 
in the laboratory. It is not known what level of sign- and 
symptom-free performance during exercise testing is a good 
indication that psychological stress is unlikely to precipitate 
sudden cardiac arrest or myocardial infarction. 
3. Air traffic controllers. Air traffic controllers are ex- 
posed to potentially stressful situations for much of their 
working day (32). Physical demands are low and peak 
cardiac demands reflect largely the response to psychologi- 
cal stressors. 
4. Drivers of commercial vehicles. The cardiac demands 
of driving various types of commercial vehicles reflect 
physical, psychological and environmental factors (33). 
Physical factors include the work of driving (especially 
isometric exercise) and the fatigue of extended work hours; 
psychological factors include the pressure of driving in bad 
weather, heavy traffic or other demanding situations (meet- 
ing schedules); and environmental factors of air pollution, 
heat and altitude. 
C. Guidelines for Assessing Occupational 
Working Capacity 
Return to work decisions should be based on a cardiovas- 
cular evaluation conducted by a physician experienced in 
clinical cardiology and functional assessment of the cardio- 
vascular system. The exact timing of this evaluation will 
depend on the clinical status of the patient, time since 
infarction, surgery or coronary angioplasty, the interest and 
motivation of the patient and the expectation or requirements 
of the employer, insurance company or government agency. 
Return to work evaluation can be performed within 5 
weeks after medically uncomplicated myocardial infarction, 
7 weeks after coronary artery bypass surgery and 1 week 
after successful coronary angioplasty (34.35). At the time of 
the evaluation, the patient should be free of signs or symp- 
toms of significant cardiac dysfunction at rest or at very low 
level exertion (e.g., standing or walking at <2 mph). 
1. Historical and clinical data. Three major cardiac patho- 
physiologic processes due to ischemic heart disease may 
impair physical working capacity: left ventricular dysfunc- 
tion, myocardial ischemia and electrophysiologic distur- 
bances. Clinically severe manifestations of these processes 
are sufficient to exclude patients from occupational work or 
to defer recommendations regarding work until further diag- 
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nostic evaluations or therapeutic interventions have been 
carried out. In such patients, exercise testing provides little 
or no incremental information beyond historical and clinical 
data and may be contraindicated due to its risk (36). 
2. Specialized laboratory testing. In individuals with few or 
no cardiac symptoms, specialized testing can provide objec- 
tive measures of prognosis and functional capacity. These 
measures can be used to direct further diagnostic evaluation, 
provide recommendations regarding the performance of oc- 
cupational work and direct physical conditioning programs. 
A. Treadmill Exercise Testing 
The most useful information for determining occupational 
working capacity is provided by multistage, symptom- 
limited exercise testing in which a multi-lead ECG is contin- 
uously monitored, systemic arterial blood pressure is re- 
corded noninvasively at least at the end of each stage of 
exercise, ratings using the Borg perceived exertion scale are 
obtained during each stage and patients are closely moni- 
tored for signs or symptoms of cardiopulmonary distress. 
Contraindications to symptom-limited exercise 
??Uncompensated left ventricular failure 
??Angina at rest or with minimal exertion (unstable angina) 
??High grade ventricular arrhythmias 
??High grade conduction abnormalities 
??Chronotropic incompetence on previous testing 
0 Severe aortic stenosis 
Conditions limiting peak exercise capacity 
??Chronic obstructive pulmonary disease 
??Peripheral vascular disease 
??Orthopedic, Neurologic and neuromuscular disorders 
??Atria1 fibrillation or flutter with poorly controlled ven- 
tricular rate 
??Psychiatric and psychological disorders 
??Myocardial infarction within 7 to 14 days 
??Coronary or other surgery within 14 to 30 days 
Conditions limiting the interpretation of the exercise ECG 
??Extensive Q wave infarction pattern 
??Left bundle branch block 
??Atria1 fibrillation or flutter 
??Pre-excitation syndromes (Wolff-Parkinson-White; 
Lown-Ganong-Levine) 
??Left ventricular hypertrophy 
??Rest ST-T wave abnormalities 
??Cardiac medications (e.g., digitalis) 
1. The peak treadmill work load. This variable which 
reflects the capacity for sustained occupational work, may 
be limited not only by pathophysiologic mechanisms of 
ischemic heart disease but by the degree of physical condi- 
tioning. In general, the peak exercise work load should be at 
least twice the average physical requirement of occupational 
tasks over a working day. A low peak treadmill work load 
may represent physical deconditioning, fixed left ventricular 
dysfunction, ischemia-induced left ventricular dysfunction, 
or significant valvular disease. Differentiating these pro- 
Table 3A. Energy Requirements for Various Standardized Exercise Testing Protocols 
Treadmill 
Modified Bruce 
0, 2.0 mph 3.0 mph 3.4 mph 
Cycle 
Requirements Gradient Gradient Gradient Speed 
(METS) (%) (%) (%) (mph) Gradient (%) (kg/min)t 
I - - - - - - 
2 0 - - 1.7 0 150 (2.4) 
3 3.5 0* - 1.7 5 - 
4 7.0 2.5 2 - - 300 (3.7) 
5 10.5 5.0* 4 1.7 IO 450 (4.9) 
6 14.0 1.5 6 - - 600 (6.1) 
7 17.5 10.0* 8 2.5 12 750 (7.3) 
8 - 12.5 10 - - - 
9 - 15.0* 12 3.4 14 9,ooo (8.6) 
10 - - 17.5 14 - 1,050 (9.9) 
11 - 20.0* 16 - - 1,200 (11.0) 
I2 - - 22.5 18 - 1,350 (12.2) 
I3 - 25.0 20 4.2 I6 1,500 (13.4) 
I4 21.5 22 - - - 1,650 (14.5) 
15 - - - 30.0 24 - 
16 - 32.5 26 5.0 18 1,800 (15.9) 
*Example of a treadmill protocol for return to work assessment in patients with ischemic heart disease using 3 
min stages, starting at 3 mph, 0% grade (3 METS) and increasing the gradient by 5% each stage (2 MET increments 
every 3 min); tMET values for a 70 kg (154 lb.) person are indicated in parentheses; see Table 3B for MET 
requirements for work loads at other body weights. 
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Table 3B. Approximate Energy Requirements (METS) During Cycle Ergometry at Various Body Weights* 
Work Load* 
W 
kg+ min 
Body Weight 
25 50 7s 100 125 150 175 200 250 300 
150 300 450 600 750 9QO 1,050 1.200 1.500 1,800 
(lb) (kg) 0, Requirement in METS 
88 40 4.3 6.4 8.6 10.7 12.9 15.0 17.1 19.3 23.5 27.9 
110 50 3.4 5.1 6.9 8.6 10.3 12.0 13.7 is.4 18.9 22.3 
132 60 2.9 4.3 5.7 7.1 8.6 10.0 11.4 13.2 15.7 18.6 
154 70 2.4 3.7 4.9 6.1 7.3 8.6 9.9 11.0 13.4 15.9 
176 80 2.1 3.1 4.3 5.4 6.4 7.4 8.6 9.7 11.7 14.0 
198 90 1.9 2.9 3.8 4.8 5.1 6.7 7.6 8.6 10.5 12.4 
220 100 1.7 2.6 3.4 4.3 5.1 6.0 6.9 7.7 9.4 11.1 
242 110 1.6 2.3 3.1 3.9 4.7 5.4 6.3 7.0 8.6 10.1 
264 120 1.4 2.1 2.9 3.6 4.3 5.0 5.7 6.4 7.9 9.3 
*Usually performed against a brake fixed at a predetermined load: tmost protocols start at a work load of 25 W and increase by 25 W every 2 or 3 min. 
cesses may require echocardiography, radionuclide ventric- 
ulography or thallium scintiography performed at rest or 
with exercise. Exercise test protocols outlined in Tables 3A 
and B are well suited to occupational work evaluation. 
Detailed methods for exercise testing have been published 
(37-39). 
2. ST segment response. The ECG ST segment response, 
in combination with the work load, reflects the extent and 
severity of myocardial ischemia in patients with ischemic 
heart disease. Marked ischemia at a low work load (e.g., e 1 
mm ST depression at a work load of 55 METS) portends a 
poor prognosis. Ischemia occurring at work loads between 5 
and 7 METS places patients into a prognostic “gray zone,” 
whereas attainment of a peak work load of ~8 METS, even 
with ischemia, portends an excellent prognosis. The effect of 
ST segment response on occupational capacity should be 
judged on the basis of the work load at which abnormalities 
occur, duration of evolutionary changes after exercise and the 
physical work requirements of the specific occupational task. 
ST segment depression is a nonspecific sign of functional 
imbalance in the subendocardium of the left ventricle. It may 
be physiologic when it occurs only at or beyond average 
normal maximal heart rate and systolic pressure, is not 
accompanied by chest pain, and resolves within a minute 
after such exertion. In the absence of conventional risk 
factors and other abnormal response to exercise, “isch- 
emit” ST segment depression in asymptomatic men is 
frequently a falsely positive response. 
ST segment depression is pathologic when it occurs at a 
low work load, heart rate and systolic pressure, is accom- 
panied by chest pain and persists several minutes after 
exertion. Failure to elicit ischemic ST segment depression in 
patients with ischemic heart disease (“false negative” re- 
sponse) occurs when regional dyskinesia causes ST eleva- 
tion and cancels ST segment depression or when exercise is 
terminated because of dyspnea and fatigue before attainment 
of the “ischemic threshold.” 
3. Arrhythmias. Ventricular arrhythmias cause occupa- 
tional impairment through two mechanisms: 1) restriction 
from certain job tasks because of concern about public 
safety, and 2) symptoms that impair performance. Physical 
working capacity is usually more influenced by left ventric- 
ular dysfunction than by arrhythmias (40), which often co- 
exist with left ventricular dysfunction. 
Atria1 and ventricular arrhythmias can also decrease 
working capacity due to their hemodynamic effects. High 
grade ventricular ectopic activity causing recurrent episodes 
of presyncope and syncope requires further evaluation and 
therapy. Uncontrolled atria1 fibrillation and flutter diminish 
cardiac output by shortening diastolic filling and eliminating 
atria1 contractile support of ventricular filling. 
B. Thallium Perfusion Scintigraphy 
Scintigraphic abnormalities may contribute insights into 
occupational or physiological impairment apart from their 
association with other exercise test variables. 
1. Reversible perfusion. The number and severity of re- 
versible perfusion defects, and the time to resolution of 
perfusion defects often reflect the extent and severity of 
myocardial ischemia (41). The influence of these findings on 
occupational working capacity must be judged on the basis of 
the work load at which the abnormalities occur and the 
physical work requirements of the specific occupational task. 
The severity of reversible perfusion defects in combina- 
tion with the work load correlates well with the extent and 
severity of coronary artery disease (42). The effect of these 
findings on prognosis and their response to medical and 
surgical therapy has not been well defined. 
2. Fixed perfusion defects. Fixed defects associated with 
electrocardiographic Q waves usually reflect infarcted myo- 
cardium. Fixed defects without Q waves may reflect se- 
verely ischemic myocardium which is slow to reperfuse. In 
either case, fixed defects are usually associated with left 
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ventricular dysfunction. The influence of left ventricular 
dysfunction on physical working capacity may be reflected 
indirectly by reduction in peak treadmill workload or di- 
rectly through a fall in left ventricular ejection fraction 
measured by radionuclide ventriculography. 
C. Radionuclide Ventriculography 
Radionuclide ventriculography performed at rest and 
during exercise may disclose abnormalities of left ventricular 
function which contribute insights into occupational or phys- 
iological impairment apart from their association with other 
exercise test variables. 
1. Rest left ventricular ejection fraction. A moderately or 
severely diminished rest left ventricular ejection fraction of 
140% may be associated with symptoms with exertion or at 
rest. However, rest left ventricular ejection fraction over a 
range of 20% to 50% correlates poorly with exercise capacity 
(43). Compensatory mechanisms include an augmented heart 
rate response to exercise, ventricular dilation and an in- 
creased tolerance to elevated pulmonary artery wedge pres- 
sure. Rest left ventricular ejection fraction alone is therefore 
a poor indication of occupational working capacity. How- 
ever, left ventricular dysfunction portends a poor prognosis. 
2. Exercise left ventricular ejection fraction. In general, an 
ejection fraction that fails to rise or falls with exercise 
usually represents myocardial ischemia (44). The influence 
of this response on occupational capacity is most closely 
related to the severity of the abnormality and the work load 
at which it occurs. 
A low peak work load accompanied by a normal increase 
in ejection fraction usually indicates physical decondition- 
ing. Exercise capacity in such individuals can usually be 
improved by exercise training. 
3. Simulated work testing. Work simulation may be use- 
ful for evaluation of patients with moderate impairment of 
exercise capacity (<8 METS) or left ventricular dysfunction 
(~40%) who must perform work involving a large component 
of upper limb, isometric or resistive exercise. Work simula- 
tion tasks include repetitive lifting, carrying, stacking, shov- 
eling, and so forth, using weights or equivalent loads within 
the range anticipated on the job. The ECG should be moni- 
tored continuously and blood pressure and rating of perceived 
exertion measured at frequent intervals. Several studies have 
reported heart rate, blood pressure and oxygen uptake during 
repetitive lifting and graded weight carrying in patients with 
cardiac disease (10). These measurements have also been 
obtained during shoveling and overhead work (simulating 
painting, plastering). Simulated work testing can provide 
precise physiological quantitation and direct observation of 
responses to anticipated job demands. Unfortunately, this 
form of evaluation has not been standardized, is more costly 
and is not widely available outside specialized exercise testing 
and cardiac rehabilitation centers. 
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4. On-the-job-monitoring. Monitoring of the cardiovascu- 
lar responses to work tasks with use of ambulatory ECG or 
blood pressure devices may be helpful in patients with 
unusual job demands when uncertainty about individual 
patient response has not been resolved by conventional 
testing. Individuals whose jobs entail unusual physical, 
psychological or environmental stress, and who have exhib- 
ited signs or symptoms of cardiac dysfunction during symp- 
tom-limited exercise testing may be candidates for on-site 
testing. This approach may be impractical except for spe- 
cially equipped evaluation or rehabilitation centers, 
1. 
2. 
3. 
4. 
5. 
Recommendations 
Patients with ischemic heart disease who are being 
considered for gainful employment should be evalu- 
ated to determine their functional capacity and de- 
gree of cardiac impairment. 
Such evaluations should be directly supervised by a 
physician knowledgeable and experienced in cardio- 
vascular evaluations at rest and during exercise in a 
facility appropriately equipped to conduct symptom- 
limited exercise testing with a motor driven treadmill 
or a stationary cycle ergometer. 
Initial evaluation of occupational working capacity 
should be performed as soon as the patient becomes 
clinically stable: in general, within 5 weeks after 
uncomplicated myocardial infarction, 7 weeks after 
coronary artery bypass surgery or 1 week after coro- 
nary angioplasty. However, an inadequate work ca- 
pacity at these times should not be equated with 
permanent cardiac impairment; exercise testing at 3 to 
6 months is more definitive. 
Evaluation should include a medical history and 
physical examination emphasizing the cardiopulmo- 
nary and vascular systems. In patients exhibiting 
signs or symptoms of significant cardiac dysfunction 
at rest, evaluation of functional capacity should be 
deferred until clinical status improves. 
In patients free of clinically significant cardiac dysfunc- 
tion at rest, impairment should be evaluated by symp- 
tom-limited exercise testing on a motor driven tread- 
mill or cycle ergometer. A standard multistage 
protocol should be selected using 2 or 3 min stages to 
assure a steady state cardiovascular and metabolic 
response to each workload. Use of handrails for 
support during treadmill exercise must be minimized 
because this will result in a serious overestimation of 
exercise capacity. ECG and blood pressure should be 
recorded at least during each stage of exercise, at peak 
exercise and during at least 6 min of recovery. For 
testing of functional capacity, exercise tests should be 
conducted with patients on their usual medication 
regimen. 
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6. 
7. 
8. 
9. 
10. 
The primary objectives of the exercise test are to 
determine the functional capacity and identify abnor- 
mal responses to exercise. The physician should 
carefully document the onset of angina or angina-like 
symptoms, inappropriate shortness of breath, ECG 
abnormalities and abnormal blood pressure re- 
sponses and their duration after exercise. A written 
report of the test results should also include the peak 
heart rate, systolic blood pressure and work load 
(METS) achieved, reason for stopping the test, and 
any ECG changes suggestive of ischemia, arrhyth- 
mias or conduction abnormalities and the heart rate 
and work load (METS) at their onset. 
Patients with uninterpretable or equivocal exercise 
test responses should undergo further noninvasive 
testing to establish their safe working capacity. This 
may include exercise, thallium scintigraphy or radio- 
nuclide ventriculography or echocardiography per- 
formed at rest and during exercise. These tests may 
reveal the location and severity of reversible myocar- 
dial perfusion defects, regional wall motion abnor- 
malities and impaired left ventricular function. Coro- 
nary arteriography may be required to better define 
the anatomic status and prognostic risk in occupa- 
tions where sudden incapacitation due to cardiac 
arrest or myocardial infarction would place co- 
workers or the general public at risk. 
In general, patients should demonstrate an exercise 
performance free of significant cardiac dysfunction 
that is at least twice the average energy requirement 
and 20% more than the expected peak energy require- 
ment encountered on the job. Consideration also 
needs to be given to the higher cardiac demands of 
heavy resistance or isometric exercise, environmen- 
tal factors (heat, cold, humidity, pollution and alti- 
tude) and psychological stress. 
Job simulation may be useful for evaluation of pa- 
tients with moderate impairment of exercise capacity 
(~8 METS) or left ventricular function (ejection frac- 
tion ~40%) who must perform work involving a large 
component of upper extremity, isometric or resistive 
exercise. Work simulation tasks include repetitive 
lifting, carrying, stacking, shoveling, and the like, 
using weights or equivalent loads within the range 
anticipated on the job. The ECG should be monitored 
continuously and blood pressure and rating of per- 
ceived exertion measured at frequent intervals. 
On-site evaluation of cardiovascular responses to 
occupational work may clarify the patient’s tolerance 
for work when symptoms supervene on-the-job de- 
spite a previously acceptable functional evaluation 
using standard laboratory techniques. Methods for 
on-site evaluation include ambulatory monitoring of 
the ECG for arrhythmias and ST segment response 
II 
and ambulatory blood pressure monitoring. How- 
ever, the current state of technology of these ambu- 
latory monitoring techniques and the clinical utility of 
measurements made with them during occupational 
work are inadequate to recommend them for general 
clinical use. 
Functional capacity can be significantly increased by 
exercise training. Patients with impaired functional 
capacity should be encouraged to undergo physical 
rehabilitation (and education) for a period of 12 
weeks, followed by retesting. 
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Task Force III: Assessment of Psychological Status in Patients With 
Ischemic Heart Disease 
JAMES A. BLUMENTHAL, PHD, CHAIRMAN, WILLIAM BRADLEY, MD, 
JOEL E. DIMSDALE, MD, STANISLAV V. KASL, MD, LYNDA H. POWELL, PHD, 
C. BARR TAYLOR, MD 
I. A Conceptual Framework for Assessment 
of Psychological Status in Patients With 
Ischemic Heart Disease 
A multidimensional assessment considers the ability of 
patients with ischemic heart disease to function in a variety 
of key life areas and guides efforts to restore these patients to 
an optimal level of functioning (1). 
This report is written from the perspective of the “bio- 
psychosocial” model (2), which emphasizes the need to 
understand the patient in a psychosocial context. From this 
perspective all disease is considered to have psychological 
and social, as well as physical, aspects. The patient, the 
social and cultural environment, and the complementary 
system devised by society to meet the patient’s needs-that 
is, the health care system-all influence the functional 
course of the disease. 
II. The Physician-Patient Relation 
The physician-patient relation has typically been one in 
which the patient adopts a sick role and the physician adopts 
